Despite a good outcome for many patients, approximately 20% of patients experience chronic pain after total knee arthroplasty (TKA).
Introduction
The International Association for the Study of Pain (IASP) defines chronic pain as pain persisting for three months or longer. 1 Chronic post-surgical pain is widely accepted to be pain of at least three to six months duration that develops or increases in intensity after a surgical procedure and significantly affects health-related quality of life. 2, 3 In 1998, a UK study found that surgery was the cause of chronic pain in 22.5% of patients attending pain clinics. 4 Despite marked improvements in pain from many surgical procedures, chronic pain has become a recognized adverse consequence of any surgery, 5 with an estimated prevalence of moderate-severe pain of 12% after diverse surgery types. 6 However, advancements in prevention and treatment of this pain have been limited, 7, 8 and the need for further research to improve outcomes and care for patients has been acknowledged. 9 To raise awareness about the burden of chronic post-surgical pain, 2017 was the International Association for the Study of Pain's (IASP) 'Global year against pain after surgery'. Chronic postsurgical pain will also be included as a recognized pain syndrome in the forthcoming 11th Revision of the International Classification of Diseases. 10 After total knee arthroplasty (TKA), pain severity plateaus at between three and six months after surgery, 11, 12 and therefore chronic pain after TKA is best defined as pain that is present and bothersome at least three to six months after surgery. While it is possible that pain outcomes can improve up to one year after surgery, 13 people with persistent pain at three to six months can be disappointed with their outcome, 14 and it may be possible to provide appropriate, targeted management in this early subacute phase, potentially halting progression into longer-term pain and disability. 15 Despite a good outcome for many, a considerable proportion of patients have chronic pain after TKA. In a systematic review of prospective studies of patients undergoing TKA, 10% to 34% of patients reported unfavourable pain outcomes at between three months and five years after surgery 16 ( Fig. 1) . In a high-quality study in multiple centres with low losses to follow-up, 20% of patients reported unfavourable pain outcomes at six months. 17 More recent cohort studies have found similar results, with 16% to 33% of patients reporting chronic pain after TKA. [18] [19] [20] [21] This equates to a high number of patients experiencing this adverse outcome after surgery. For example, in the UK, nearly 100 000 primary TKA operations are performed annually 22, 23 and therefore there are potentially 20 000 patients who experience chronic pain after TKA every year. It is also possible that the true prevalence of chronic pain after TKA is even higher than estimated in research studies, as some patients may be reluctant to report that they have pain. 24 Given that the need for TKA has been predicted to increase in the future, it is likely that the number of patients affected will continue to increase. 25, 26 Prevention and treatment of chronic pain after TKA should be a research and clinical priority for several reasons. Orthopaedic surgery, which often focuses on the treatment of pain, has been found to be associated with an almost three-fold risk of moderate to severe chronic pain after surgery compared with other surgical procedures. 6 Within orthopaedics, the prevalence of chronic pain after TKA is much higher than after total hip arthroplasty. 16 Unlike many other types of surgery, TKA is an elective operation with the primary aim being pain relief. Surgeons often consider implant failure as the reason for revision surgery; however, the patient is likely to consider the operation as unsuccessful if they have a poor long-term pain outcome. 27 This review summarizes the major advancements in understanding chronic pain after TKA to provide a comprehensive overview of the current state of understanding on this topic, including the epidemiology, impact, assessment, risk factors, aetiology and treatment.
Personal and economic impact
Chronic pain after TKA can affect all dimensions of healthrelated quality of life, and has been found to be associated with functional limitations, depression, anxiety, poorer general health, sleep problems and long-term opioid use. [28] [29] [30] [31] [32] Older people with chronic pain after joint arthroplasty can experience interference with relationships and become socially isolated, which is a risk factor for other problems and can limit their capacity to bring about change or to seek help for their pain. 31, 33, 34 Some people experience considerable pain-related distress, and this is often highest in those who experience no change or deterioration in pain symptoms following surgery. 35 Pain relief is the main expectation of patients undergoing TKA, 36 and those who have continuing pain are often the most dissatisfied and disappointed with the outcome of their surgery. 14,28,37 An overview of the biopsychosocial impact of chronic pain after TKA is provided in Figure 2 .
Chronic pain management has been estimated to account for 4.6 million general practitioner appointments per year in the UK, at a cost of around £69 million. 38 In England in 2005, there were over 66 million prescriptions for analgesic drugs, in addition to over-the-counter purchases, at a net ingredient cost of £510 million. 39 European data show that national healthcare and socioeconomic costs of conditions associated with chronic pain represent 3% to 10% of gross domestic product, largely due to hospitalization. 40 More specifically, the economic impact of chronic pain after TKA for individuals, healthcare services and society is largely unknown. The cost of investigations for patients presenting with a painful TKA was estimated to be approximately £5000 per patient in one orthopaedic centre in the United Kingdom. 41 Approximately 7% of patients persistently use opioids in the first year after joint arthroplasty. 42 Chronic knee pain is associated with reduced work productivity, 43 suggesting that chronic pain after TKA could also impact on people's ability to participate in paid employment. Further research is needed to evaluate the economic impact of chronic pain after TKA, as it is likely to be substantial given the costs associated with chronic pain.
Assessment
Pain as a subjective, lived and sensory experience presents particular challenges to assessment. 44 In both clinical and research settings, the approach to assessing chronic pain after TKA needs to be in-depth and multidimensional to understand the characteristics and impact of this pain. There is useful guidance available about how to structure a comprehensive pain history for clinical use, 44 and there are many questionnaires that enable assessment of pain in research. 44 However, pain assessment may need to be tailored to the condition, and assessment of pain outcome after TKA is often inadequate. 45 Historically, there has been a reliance on using surgeon-administered tools, such as the American Knee Society Score, which includes a single question on pain severity. Over time, there are encouraging recent trends for increased use of validated patient-reported outcome measures, which provide more robust and patient-centred assessments of pain. 45 These include the Oxford Knee Score, 46 Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 47 and Knee Injury and Osteoarthritis Outcome Score (KOOS). 48 Some examples of patient-reported outcome measures that can be used to assess chronic pain after TKA are provided in Table 1 . Although patient-reported outcome measures are the most appropriate way to produce a standardized assessment of pain, it is important to acknowledge that patients can experience difficulties with completing patient-reported outcome measures about chronic pain. 49, 50 For example, questions often ask for an average rating of pain over a specified time period, which can be challenging for patients as pain after TKA often fluctuates over time and varies with activity levels and medication use. Also, patients can find it difficult to conceptualize the pain in their replaced knee as distinct from pain elsewhere.
There have been a number of recent advances in pain assessment. One example is the move towards assessing Oxford Knee Score pain scale 53 7 Joint-specific questionnaire assessing pain severity and interference Knee Injury and Osteoarthritis Outcome Score 48 9 Joint and disease-specific questionnaire assessing pain severity and frequency Brief Pain Inventory Short-form 54 11 Generic questionnaire with a pain severity subscale (four items) and a pain interference subscale (seven items) Short-Form McGill Pain questionnaire 110 15 Generic questionnaire assessing sensory and affective qualities of pain Chronic Pain Grade 111 7 Generic questionnaire assessing pain intensity and pain-related disability Pain visual analogue scale 1 Unidimensional assessment of pain severity PainDETECT 55 9 Neuropathic pain questionnaire Douleur Neuropathique 4 58 10 Neuropathic pain questionnaire pain as a separate domain from function, acknowledging that pain and function are distinct outcomes with different trajectories and predictors. 51, 52 A separate pain score can be calculated on many of the most commonly used orthopaedic patient-reported outcome measures, such as the WOMAC, 47 Oxford Knee Score 53 and the KOOS, 48 and these can be used in conjunction with pain-specific assessment tools such as the Brief Pain Inventory 54 and PainDE-TECT. 55 Another example is the recognition that determination of pain character is important for informing treatment and management. Rest pain and painon-movement are distinct dimensions of pain, with different predictors and potential differences in underlying mechanisms, and it is important to assess these domains of pain separately. 20, 56 Pain can also be categorized as nociceptive or neuropathic, where the former arises from activity in neural pathways secondary to tissue damage and the latter arises from a lesion or disease of the somatosensory nervous system. Guidelines are available for the assessment of patients with neuropathic pain, 57 and different neuropathic screening questionnaires and pain assessments tools have been developed, such as the Pain-DETECT 55 and Douleur Neuropathique 4. 58 There is considerable variation in the assessment of chronic pain after TKA, 45 and recently a core outcome set has been developed to facilitate standardization. 59 A core outcome set is an agreed standardized collection of outcomes which should be measured and reported, as a minimum, in all trials for a specific clinical area. 60 Their purpose is to ensure that assessment is focused on outcomes important to key stakeholders and that assessment is standardized to facilitate synthesis of data. The core outcome set for chronic pain after TKA reflects the complex and multidimensional nature of pain, recommending that as a minimum the following aspects of pain should be assessed: pain intensity, pain interference with daily living, pain and physical functioning, temporal aspects of pain, pain description, emotional aspects of pain, use of pain medication and improvement and satisfaction with pain relief. 59 Implementation of this core outcome set within research has the potential to facilitate a move towards improving the quality and consistency of pain assessment within orthopaedics.
Risk factors
Knowledge of risk factors for chronic pain after TKA is important to guide the development of interventions and help to target care. Interventions that address modifiable risk factors may improve post-surgical outcomes. Understanding of non-modifiable risk factors (e.g. sex, age) may help in the design of tailored care for specific patient groups. Risk factors can be considered as those present before surgery, intraoperatively or in the acute postoperative period and can be biological, psychosocial or surgical. 61 Associations between variables measured before TKA and long-term pain outcomes have been studied extensively. 62, 63 A systematic review and meta-analysis found that the strongest preoperative risk factors for chronic pain after TKA are preoperative pain severity, poor mental health, pain catastrophizing and presence of patient comorbidities 62 (Fig. 3) . Preoperative pain severity is one of the most studied risk factors, and there is strong evidence that more severe preoperative pain is associated with more severe postoperative pain. 11, 51, 56, 64, 65 Chronic pain elsewhere in the body is also associated with longterm pain after surgery, 66 suggesting that this pain may be due to an altered central modulation of pain, as part of a more generalized pain condition. [67] [68] [69] Poor mental health, such as symptoms of depression and anxiety, is common in patients waiting for TKA 70 and has been found to be predictive of a poorer long-term pain outcome after surgery. 52,71-73 Pain catastrophizing, defined as an exaggerated negative orientation toward actual or anticipated pain experiences, has been identified as a strong risk factor for chronic pain after TKA in numerous studies, 74, 75 through influencing people's response to and experience of pain. Multi-morbidity in patients undergoing TKA is common, with around 70% of patients having at least one comorbidity. 63 A higher number of comorbidities has been found to be associated with more pain after TKA, 62 although there is no strong evidence that any one specific comorbidity is a risk factor. 63 Despite the identification of preoperative risk factors, attempts to develop prediction models have had limited success. Multivariable models have had low predictive power, explaining < 20% of the variability in chronic pain severity, 52,76,77 and studies have not yet evaluated the effectiveness of predictive models to guide treatment aimed at prevention. 78 Because of this, no algorithm with high sensitivity and specificity has yet been developed to guide preoperative identification of patients at risk of chronic pain after TKA. The difficulty in prediction is probably due to the complex nature of this pain and potential interactions between multiple risk factors. We do not yet understand why there is discordance between radiographic knee osteoarthritis and pain severity, 79 and future research to understand the variable relationship between pain and structural joint damage in osteoarthritis may help to elucidate chronic pain after TKA. It is clear, however, that any approach to targeting risk factors before surgery requires a personalized assessment using a biopsychosocial framework to understand an individual's motivations, expectations and risk factors. Such a model would help inform patient and clinician decision-making about the most appropriate treatment plan. Evaluations of complex interventions that aim to optimize health and reduce risk factors in the perioperative period are needed.
An operation itself is an important risk factor for chronic pain, 5 and therefore factors relating to the operation and early recovery may be of importance. Perioperative factors, such as type of surgery, implant type and surgery duration have been shown to have little influence on long-term pain outcomes. 62 Post-surgical factors may be risk factors for chronic pain through limiting rehabilitation and recovery; however, a systematic review has found that there is insufficient evidence to draw firm conclusions about the association between postoperative factors and chronic pain after TKA. 80 Although acute postoperative pain is often assumed to be associated with chronic pain, and is a strong risk factor for other surgical populations, 6 there is little evidence to support this association in patients with TKA after controlling for preoperative pain severity. 56, 81 However, ongoing work to understand the transition of acute postoperative pain to chronic pain in a surgical setting may help to inform strategies to minimize suboptimal pain outcomes after TKA. 61, 82 In summary, while the potential value for identifying at-risk patients and targeting appropriate interventions is clear, further research on risk factors is needed. In the absence of robust predictive models, it is crucial that patients are aware of the potential risk of chronic pain after TKA so that their consent for surgery is fully informed.
Aetiology
The causes of chronic pain after TKA are not yet fully understood, although research interest is growing and it is evident that this pain has a multifactorial aetiology. The potential causes of chronic pain after TKA have been covered extensively in other reviews, 83-89 and therefore only a brief overview of biological and surgical factors is provided in Table 2 . Psychosocial factors may also negatively influence pain outcomes, 90 and depression is commonly present in patients with chronic pain after TKA. 28, 29, 91 Depression and poor social support has been associated with greater dissatisfaction in patients with chronic pain after TKA. 28 There is consensus in the literature that revision surgery for chronic pain after TKA should not be performed unless the cause of pain is clearly identified as implant-related, as revision surgery for unexplained pain has consistently been shown to result in poor outcomes. [91] [92] [93] Chronic pain after TKA is one of the biggest challenges that face people undergoing TKA and orthopaedic surgeons 
Treatment and management
Chronic pain of all causes is undertreated, 94 and many people lack adequate access to effective pain management. 95 In England, the 2012 National Pain Audit 96 reported considerable variation in access to specialist services for chronic pain and variation in levels of care. For example, 67% of services in England fell below minimum recommended levels of staffing with notable lack of provision of specialities including psychology and physiotherapy. In orthopaedics, there is national and international variation in the identification, assessment and management of patients with chronic pain after TKA, and service provision is often patchy and inconsistent. 97 This is reflected in patients' experiences, with some experiencing a sense of abandonment after surgery, and expressing a wish for easily accessible individualized advice and support that considered their pain in the context of their lives. 35 Barriers to healthcare professionals providing healthcare to patients with chronic pain after TKA include complexities in assessment and management and a lack of explicit access points to services. 98 There is a clear need to improve care for patients with chronic pain after TKA, and the benefits of this would be broad ranging, impacting upon patients, health services and society. For patients, better pain management reduces distress and increases quality of life, function, social participation and mental wellbeing. 99 Early identification and targeted treatment of pain may ameliorate pain and prevent long-term disability. 100 For health services, appropriate, targeted pain management may improve service efficiency and increase patient satisfaction. For society, improved outcome after TKA may increase participation in the workforce, often a reason for conducting TKA in the first instance. 101 Despite the importance of effective pain management, there is a lack of evidence-based recommendations to guide clinical decisions around the optimal management of chronic pain after TKA. Pain management interventions for patients undergoing TKA have largely focused on perioperative pain control, rather than management of chronic pain. 102 There is a scarcity of research which has sought to improve pain management in the long-term, particularly the months beyond surgery, a potentially valuable window when intervention may prevent longerterm pain and associated disability. A systematic review identified only one published randomized controlled trial evaluating a pharmacological intervention for the management of chronic pain after TKA, 78 a single injection with antinociceptive and anticholinergic activity. No trials of multidisciplinary interventions or individualized treatments were identified. This is also a challenge faced by other surgical specialities, with a systematic review finding a lack of evidence on the effectiveness of interventions to manage chronic pain after diverse surgery types. 7 Treatment of chronic pain is challenging, and evaluation of combined treatments and individually targeted treatments matched to patient characteristics is advocated. 100 These are often referred to as complex interventions.
There is acknowledgement among orthopaedic healthcare professionals that a multidisciplinary approach with a focus on stratification is needed. 84, 98, 103 Stratified care is a way of ensuring that resources are targeted towards those who are in most need and likely to benefit. It has been argued that we do not need new interventions for pain, and that what is needed is improved access to existing treatments with combination treatments matched to patient characteristics. 100 For example, surgical or prosthesis-related problems may require physiotherapy, bracing or revision surgery. Nerve injury may respond to neuropathic pain medication, while nociceptive and regional pain may be treated with analgesic and opioid medication. Patients with chronic pain after TKA may also benefit from a broader pain management approach including psychological therapies. To facilitate this model of care, robust screening, evaluation and assessment processes are needed so that patients can receive targeted, possibly multi-modal, interventions. 83, 84 This model of care is being introduced in some surgical settings 104 and a randomized controlled trial to evaluate a new multidisciplinary and individualized care pathway for patients with chronic pain after TKA 105 is ongoing (ISRCTN92545361). In this trial, patients attend a one-hour assessment clinic with a trained Extended Scope Practitioner to identify potential causes of pain and are then referred to appropriate, existing services. In summary, management of chronic pain after TKA needs to take a comprehensive and multidisciplinary approach and may include pain management clinicians, physiotherapists, occupational therapists, psychologists, orthopaedic surgeons, microbiologists, radiologists and general practitioners. Involvement of patients' family or significant others in postoperative management may help to improve outcomes after TKA.
An important potential barrier to providing effective pain management for patients is that not all people with chronic pain will present at services and seek help for their pain. A European survey of almost 6000 adults with musculoskeletal pain suggested that over a quarter had never sought medical help for their pain, despite many being in constant or daily pain. 106 Research in the United Kingdom found that 75% of adults aged over 35 years experiencing hip or knee pain had not sought help from a general practitioner or allied health professional in the previous 12 months. 107 Half of adults with severely disabling knee pain may not consult a general practitioner. 108 Non-use of services is likely to be influenced by individual and social, structural and organizational factors. The average age of patients at TKA surgery is 70 years. 22 Older people may perceive pain as a normal part of ageing and not present to healthcare centres. 109 Given the high numbers of patients who are likely to have poor pain outcomes after surgery, there is potentially a large hidden population with unexpressed need for care, but who are experiencing ongoing pain and disability. Further research is needed to understand the reasons for non-use of services and to develop guidance to improve access and uptake of healthcare by patients who are living with chronic pain after TKA.
Conclusions
Chronic pain is a recognized adverse outcome after TKA. While research in this field has advanced over recent years, there are a number of key priorities for further research. To ensure that optimal care is provided to patients, the clinical and cost-effectiveness of multidisciplinary and individualized interventions should be evaluated. More work is needed to determine whether it is possible to develop a perioperative risk prediction tool so that patients at high risk of developing chronic pain after TKA can be identified and provided with targeted interventions. Parallel to this, there is a need to develop a better understanding of the complex aetiology of chronic pain after TKA. Research into the personal, societal and economic impact of chronic pain after TKA and its treatment is also required, as well as guidance on how to engage and help patients to access care.
